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ABSTRACT
Changes occur in both the adaptive and innate immune functions as human aged. This is termed
immunosenescence. It is defined as age-associated changes in the immune response. There is a
general misconception about the immune system of the elderly that becomes hypo- responsive
or non-functional. However, although there are many different idea about immunity decline,
this does not occur completely but some activity of the aging immune response are preserved.
The relationships between aging and the immunity are manifest at multiple levels that include
reduced T and B cells. As a result, elderly people do not respond to immune challenge as strong as
the young. A major aim of aging studies is to determine the molecular and cellular changes during
activity of the immune system. This information has been used for clinical trials to preserve the
aging immune system.
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INTRODUCTION

Increasingly, strong evidence demonstrates that aging is accompanied by severe changes
in the immune system. Some changes occur in ageing immune system that is also known as
immunosenescence. Commonly, there is a misconception that the immune system of the elderly
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becomes hypofunctional. Although there are many reasons of immunity decline, this does not
occur uniformly. Some suggested that “senescent immune remodeling” should be used instead of

the term “immunosenescence” to be well understood of the aging immune system. The changes
in the immune system in aging are antibody production, cell replicative capacity, alterations in
T-lenfosit subpopulation size and cytokine secretion, the number of T cells, the CD4 + / CD8 +

ratio with the involution of the thymus, antibody-responsive B-cells and antigen presented by

dendritic cells. In addition to these changes, natural killer cells that eliminate infected cells, and
monocytes and macrophages and T cell repertoire decrease the diversity of the cells. As a result
of these changes, it is a proinflammatory state called “inflammaging” with a decrease in response
capacity to new antigens [1-4].

Even though there is a difference between individuals with aging, they have more than three

chronic diseases in 25% of individuals aged 65 years and older and at least one disease in 80% of
them. While some are in a more comfortable aging, some of them need to undergo strict treatment

and care. These differences are associated with many reasons such as malnutrition, inadequate
physical activity, loss of mechanical barrier function, as well as the contribution of processes such

as inflammation, dysregulation of a variety of homeostatic mechanisms and oxidative stress [5-7].
NAD (Nicotinamide Adenine Dinucleotide) dependent deacetylation enzymatic reactions can

be adversely affected by “Sirtuins” or “SIRT (1-6)”, which protects against oxidative stress with
aging and reduces cellular dysfunction and protects against age-related pathologies. It has been
suggested that SIRT (1-6) proteins have been shown to have a positive effect on mitochondrial
functions and DNA repair [8-12].

AGE-ASSOCIATED CHANGES IN IMMUNE FUNCTIONS

Throughout lifespan, inflammatory mediators play an important role in responding to

pathogens or infections. However, this response is negatively affected by aging, and studies
on inflammation / oxidative stress get increased senescence, mitochondrial dysfunction

and reduced stress resistance are increasing [3]. In some cases like cytomegalovirus (CMV)
infection, virus remains in a persistent state. This causes permanent differentiation of CD8 +
cells and inflammation [13]. And also, tumor necrosis factor (TNF) and various pro-inflammatory

interleukins were found to be higher in the elderly [14]. In fact there are many opinions for the
pro-inflammatory situation. Increased lifespan of tissue cells during chronic viral infections such
as cytomegalovirus, and increasing lifespan of macrophage in the elderly is defined as chronic
inflammation called inflammaging. However, viral infections such as CMV may negatively affect
the oligoclonal memory cells and deplete the naive T cell pool. Therefore, immunity is abnormal
in the elderly and causes an adaptive response to pathogens to be less effective [15-17].

After the bone marrow and thymus are produced, naive B and T cells migrate to secondary

lymphoid tissues such as spleen. While the formation of various immune repertoires occurs
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strongly in young people, because of thymus involution the immune repertoire and relative
decrease in memory B cells population in elderly [18-20]. In addition, malfunctioning leukocyte
and erythrocyte precursors lead to anaemia predisposition [21, 22]. In fact, there are many reasons
for this decline in relation to age. These include hematopoietic stem cells (HSCs), progenitor
cells, local tissue and systemic environments [23-26]. HSCs are affected by age-related impaired
adherence to stromal cells and stem cell cells [27]. HSCs demonstrate that lymphoid progenitor is
lost and long-lived myeloid progenitor accumulates in aged. However, myeloid progenitor HSCs
from young to aged sources behave similarly in all studies [28]. The reason for the decrease in
the number of lymphoid progenito HSCs by aging is not clear. Structurally programmed events in
stem and progenitor cells may be related to having some sort of internal clock that regulates the
functions and life of these cells. Although the results suggested that the decrease in lymphopoiesis
is affected by age-related environmental changes, it is not precisely determined [29]. In addition,
it has been suggested that epigenetic changes such as DNA damage, telomere shortening, agerelated inflammation may play a role [30, 31]. In some studies, it has been proposed some changes
such as important functional and numerical changes, including surface receptor expression and
antigen presenting cells, while others suggest that changes are occurred with migration to local
lymph nodes [32, 33]. Whether or not T cell proliferation changes with aging in vitro models is
confounding, but in vivo models, antigen presentation and decrease in T cell proliferation have
been demonstrated [32, 34]. With the increase of prostaglandin D2 with aging, reduction of
cytokine receptor presentation required is observed to activate dendritic cells in the lungs and
migrate to the lymph nodes [34].

AGING AND THYMUS

Age-related changes in thymus are associated dendritic cells, fibroblasts, macrophages and
thymic epithelial cells, and thymic epithelial cells decrease in by and by [35]. In addition, it is
suggested that inflammatory mediators and also thymocytotoxics may increase with aging [36].
There are also systemic changes in lymphocyte production and there is a decrease in the synthesis
of growth hormone and IGF-1 hormones, which stimulate thymopoiesis, by aging. Consequently,
there are age-related changes in the endocrine system and a decrease in lymphopoiesis [26, 3739]. T lymphocyte education in thymus is disrupted by thymic involution, which continues from
birth to the age of 50 years. As a result, naive T cells are greatly reduced. Thus, these cells are
inadequate to respond to new antigens with a limited number of receptors. As a result of thymic
involution, T cells return predominantly to the dominance of CD8 + T cell population phenotype
with less clonal expansion ability than naive T cells. However, the functionality of lack of naive
CD8+ T cell numbers in the elderly do not correlate with ageing during acute and chronic viral
infections. Although the antigenic diversity of CD4 + T cells decreases more rapidly than CD + 8,
age-related changes can be affected by the genetic background and environmental exposure [40].
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INFLAMMAGING
Inflammaging is defined as a progressive increase in proinflammatory status. IL-6 and TNF-α
accumulates in the tissues during aging. These mediators are suggested to be associated with
cells called senescence-associated secretory phenotype (SASP) [41]. Besides a new concept of
“anti-inflammaging” was also proposed that influences progressive pathophysiological changes,
as well as lifespan, and acts along with inflammaging [42]. When there is the inflammation, a
series of complex responses occur to both pathogens and tissue injury and the inflammatory
response disappears resolving inflammation with the elimination of proinflammatory factors.
Because of cells getting old or DNA damage, SASP cells are formed and inflammatory mediators
increase such as IL-6. However, the source of inflammatory mediators may be different from one
to another. Microenvironmental factors such as dendritic or stromal cells in relation to age are
a shift from a salutary to an inflammatory environment [43, 44]. Depending on age, naive CD +
4 cells differ to Th17 instead of Th1 and Th2. Inflammatory mediators are stimulated by Th1
and Th2 and affect stromal cells and other environmental population [45]. In fact, the immune
response like inflammation is a physiological response of the body. Normally, inflammatory
and anti-inflammatory cytokines are in a dynamic equilibrium and maintain inflammation
at a physiological border. A moderate inflammatory response is beneficial for the body but an
excessive response is harmful. Inflammation, which is a determinant of aging speed and lifespan,
decreases the quality of life and increases morbidity and mortality. In fact, it is useful for the
neutralization of cytokines in the early stages of life, but in the later stages it is harmful.
In fact, it is useful for the neutralization of cytokines in the early stages of life, but in the
later stages it is harmful. Some investigators describe decreasing adaptive immunity during
aging as immunosenescence that is accompanied by an increase in proinflammation described
as inflammaging [46]. Some theories have been suggested for the mechanisms of inflammaging.
These are stress, oxidation-Inflammation, cytokines, DNA damage, autophagy and stem cell aging.
Inflammation, immune response and stress create a defensive network and innate immunity and
stress have a relationship. Stress creates a strong immune response in young people, while a weak
response in the elderly. When an excessive stress response occurs, the proinflammatory response
increases and causes inflammaging. However, the presence of proinflammatory character as a
paradoxal in healthy elderly people has been suggested to indicate a physiological inflammation
[47].

According to the Oxidation-Inflammation theory, oxidative stress affects homeostasis, aging
and lifespan. The presence of sufficient antioxidants in nutrients reduces oxidative sress and
improves immune function and prolongs life [48, 49]. It has been suggested that proinflammatory
cytokines such as CD4 + T lymphocytes, CD8 +, IFN-𝛾, TNF-𝛼 and IL-4 participate into the process
of inflammation and have an important role in it, this idea called the theory of cytokines [50, 51].
Elevated levels of serum IL-6 and TNF-al are predictive markers in the elderly for inflammation
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and are associated with morbidity and mortality [52]. In a previous study conducted in Italian
elderly people, it was detected that in the promoter region of IL-6 gene frequency of the -174C
single nucleotide polymorphism (SNP) and in women’s IL-10 gene coding frequency of the
-1082G SNP increased. These findings indicate that gene polymorphisms of cytokines such as
IL-6 and IL-10 play a role in the immune-inflammatory response [53]. Although excessive
proinflammatory cytokines may cause immune-inflammatory diseases, moderate levels of
proinflammatory cytokines contribute to inducing a protective response. Another theory is
associated with DNA damage. With the effect of various factors, it contributes to cellular senesence
by causing mutations and chromosomal rearrangements by generating errors in the replication
or translation of DNA by telomere and mitochondrial DNA damage. The DNA damage response
caused by telomere shortening is a fundamental mechanism involved in the aging process
[54]. There is a close relationship between cell senescence and organism aging and there is an
increase in proinflammatory secretory phenotype when DNA damage response occurs and the
neighbouring cells are affected and inflammation becomes systemic. Increased number of cells
with DNA damage response exacerbates inflammation [55, 56].

DNA damage cause and induce inflammaging because stem cells and stromal fibroblasts
transform excessive proinflammatory cytokine-presenting cells. Another theory for inflammaging
is the “Autophagy”. Normally, many pathophysiological harmful and abnormal substances are
removed from the cell by transferring them to the cell lysosome. Therefore, homeostasis and
normal metabolism are maintained. Mitochondrial disorders occur due to decreasing autophagic
cleansing capacity during aging and protein accumulation begins. This increases reactive oxygen
species to cause oxidative stress. As a result, IL-1𝛽 and IL-18 increase and this contribute to the
inflammation and aging [57-60]. Another theory, Stem Cell Aging, is responsible for triggering
chronic inflammation. Inflammatory factors activate the JAK / STAT signaling pathways and
this causes cells secrete cytokines such as TNF𝛼 and IL-1𝛽. This leads to a low level of chronic
inflammation and regenerative capacity of stem cells decreases. Inflammation is highly associated
with some of the following diseases: Type II diabetes mellitus, osteoporosis, insulin resistance,
Alzheimer’s disease, atherosclerosis, heart disease, age-related macular degeneration, parkinson’s
disease, acute lateral sclerosis, multiple sclerosis, and cancer [61-64]. Inflammaging also destruct
the colon and gastric mucosa epithelium and causing damage to the regeneration in the cellular
and molecular levels [65].
In conclusion, Inflammaging and immunosenescence coexist and it is difficult to distinguish

whether inflammation-related diseases are caused by inflammation or immunosenescence so
molecular and biological studies are needed.
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